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The Atlantic Avenue Station is located under Flatbush Avenue at the intersection with Atlantic Avenue in Brooklyn, New York. This paper 
addresses the design and construction challenges involving the structural underpinning of the Atlantic Avenue Station, considered one of the 
busiest subway stations in New York City, with minimum disturbance to station operations. This paper focuses on the design of the 
micropile underpinning system, and documents the test pile program. Included are test pile details and installation procedures, load test 





The Atlantic Avenue Station, opened in 1908, is located under 
Flatbush Avenue on the Interborough Rapid Transit (IRT) 
Eastern Parkway Line in Brooklyn at the intersection with 
Atlantic Avenue. A plan view illustrating the existing structure is 
shown on Fig. 1.  In addition to providing Eastern Parkway line 
New York City Transit (NYCT) service (No. 2, 3, 4 and 5 
trains), the station provides connection to the Pacific Street 
Station (B. M, N and R trains) on the Fourth Avenue Brooklyn 
Manhattan Transit (BMT) line, the Atlantic Avenue Station (D 
and Q trains), and the Long Island Rail Road (LIRR) Flatbush 
Avenue Terminal.  
 
The eastern corner at Flatbush and Atlantic Avenues was 
anchored since the 1860’s by the LIRR. Both pedestrians and 
freight dominated the intersection. In the 1890’s, horse-drawn 
trolleys and steam trains all converged on this intersection. To 
alleviate traffic, the BMT elevated line was constructed running 
along Flatbush and Fifth Avenues in 1893. Also, the tracks of the 
LIRR were eventually moved underground and a new LIRR 
Terminal building was constructed in 1903. The Fifth Avenue 
elevated train was demolished in the 1940’s. Urban flight and 
decline of the theatres in the 1950’s led to the area’s decline. The 
Atlantic Avenue Terminal Building of the LIRR progressively 
deteriorated, with ultimate demolition occurring in the early 
1990’s. A corrugated metal shed entrance was used to replace the 
decorative arching façade of the original building 
 
The Atlantic Avenue Station of the BMT line was the last station 
to be finished in the initial phase of the original IRT subway line 
and was the terminus of the original IRT subway line.  It was 
meant to supplement a vibrant urban transportation center 
consisting of the LIRR, elevated rail, trolleys, and surface traffic 
 
Work on the Atlantic Avenue Station began in 1902, and was 
completed in 1908 as part of the second contract to build the 
original BMT subway line. The Fourth Avenue subway line in 







Fig. 1. Existing structure - plan view. 
 
Typical NYCT framing was used for the Atlantic Avenue 
subway station. The majority of the columns, spaced at 15 ft, are 
supported on individual spread footings (5 ft x 9 ft), and 
extending 2 ft below the IRT invert slab.  As shown in Fig. 2, 
illustrating a typical cross section of the existing structure, the 
columns are located along six column lines with roof beams 
running along each column line. These beams are located 7 ft 
below street level. 
 
As documented by Silano and Grigoryan (2002) and Grigoryan 
and Silano (2003a and 2003b), under the tracks of the Atlantic 
Avenue Station, a connecting passageway runs skewed across 
and near the center of the IRT platforms. The invert slab of the 
existing passageway is an 8-inch thick reinforced concrete slab 
on grade.  Four subway tracks, generally consisting of wood half 
ties and rail assemblies, are positioned directly on a 1-ft thick 
track slab on grade. The existing columns, platforms, and tracks 
are supported on the roof of the existing passageway by transfer 
grillage beams and girders, spanning the passageway.  
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As a result of intensive use and irregular or neglected 
maintenance, the station structure has deteriorated to a state of 
disrepair. Therefore, in order to handle the increasing passenger 
flow demands, this passageway has been modified and replaced 
by three new station elements: (i) a new west passageway 
section, (ii) a reconfigured east passageway section, and (iii) a 
new and larger lower level concourse connecting the east and 
west passageways under the IRT platforms. Other major project 
elements included the construction of eight new elevators, the 
rehabilitation of the platforms, the construction of a new platform 
stair, and the reconstruction/relocation and/or widening of six 
















Alternative methods for widening the concourse below an 
operating transit station were given careful study during the 
preliminary design phase in order to provide a construction 
method that could be carried out safely from an operational and 
circulating passenger perspective. A major design challenge was 
that the plan arrangement of the columns in the modified 
passageway and the new concourse did not follow the grid of 
existing columns on the platform level above due to architectural 
as well as passenger flow considerations. 
 
Existing column loads typically range from 300 to 400 kips. 
Transfer girders were designed to support the existing columns at 
the platform and track levels. The sidewalls of the new 
concourse, modified passageway, and the stairs were designed 
conservatively as cantilever retaining structures, constructed 





The major construction restricting factors were: 
• Maintaining the existing passageway (~15 ft opening) 
 throughout each construction stage. 
• Maintaining two access stairways that provide access 
 from the passageway to the three subway platforms. 
• Construction at the track level was limited to one 
 trackway and the adjacent platform, and required 
 general orders (GOs) for train diversions that were only 
 available on weeknights or weekends. 
 
Two optional construction methods were developed in the bid 
documents, namely: 
• Suggested Method “A” (Mined Drift Method) 
• Suggested Method “B”  (Pile Supported Method) 
 
The contract was awarded in December 1999 for approximately 
$105 Million to the successful low bidder, Schiavone 
Construction Company, who elected to use Method “B” – Pile 
Supported Method, modified somewhat to respond to actual field 
conditions.  
 
Compared to the drift method, the pile support method offers 
more flexibility regarding equipment usage and is less time 
consuming to construct. However, it has greater visual impact on 
passengers, as many temporary roof support piles and beams are 
visible during construction. Pile types, pile layout, and track 
support details were modified by the contractor. Micropiles were 
selected as the pile type to be used.   
 
Micropiles, also known as mini-piles, are defined as small 
diameter, drilled and grouted reinforced piles, a subset of cast-in- 
place piles. Micropiles are used for both structural support and in 
situ earth reinforcement. They were conceived in Italy in 1952, 
but have become popular in the US since the mid-1980’s. With 
conventional cast-in-place piles, in which most of the load is 
resisted by the concrete as opposed to steel, small cross sectional 
area is synonymous with low structural capacity. This is not the 
case with micropiles, however.  Innovative drilling and grouting 
methods permit high grout/ground bond values to be generated 
along the micropile’s periphery. To exploit this benefit, high 
capacity steel elements can be used as the principal load bearing 
element with the surrounding grout serving only to transfer, by 
friction, the applied load between the soil and steel. End bearing 
is not relied on, and in any event is relatively insignificant given 
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around 4 inches, but with the development of more powerful 
drilling equipment, diameters up to 12 inches are now considered 
practical. Micropiles are capable of sustaining surprisingly high 
loads (compressive loads of more than 500 tons have been 
recorded). More details related to micropile design and 
construction can be found in Armour et al. (2000), Bruce and 
Juran (1997), Juran et al. (1999) and Benslimane et al. (1997).  
 
At Atlantic Avenue Station, the piles are founded in medium 
dense to dense sand with a fine content (percent passing #200 
sieve) of less than 10%. Standard penetration test N-values 
generally ranged from 14 to 45 blows per ft (bpf) with an 
average value of about 25 bpf. Groundwater level was 
approximately 4 ft below the concourse invert level. 
 
The basic underpinning steps for the Atlantic Avenue Station are 
illustrated in Fig. 4. For more details, refer to Silano and 
Grigoryan (2002) and Grigoryan and Silano (2003a, 2003b). 
 
 
TEST PILE PROGRAM 
 
The underpinning consists of drilled-in micropiles, 9-5/8-inch in 
diameter. Piles supporting the tunnel structure required 157 tons 
of design load and 314 tons of ultimate load. Track support piles 
required 32 tons of design load and 64 tons of ultimate load. 
 
Five test piles (TP-1, TP-3, TP-4, TP-6 and TP-7) were installed 
between July 20 and August 9, 2000 within the Atlantic Avenue 
Station Reconstruction project, and four pile load tests were 
performed between August 12 and August 24, 2000. Three of the 
load tests (at TP-1, TP-6 and TP-7) were performed on individual 
test piles; the fourth load test was performed on a pair of piles 
(TP-3 and TP-4) to assess group effect, if any, for closely spaced 
piles. 
 
With the exception of test pile TP-1, all other test piles (TP-3, 
TP-4, TP-6 and TP-7) were pressure grouted immediately 
following placement of grout in the bored hole. Grout for test 
pile TP-1 was installed by tremie method without applying 
external pressure. In accordance with the procedure shown in the 
contractor’s approved shop drawings modified, post-grouting 
(after initial set of the grout) was not performed in any of the test 
piles.  All test piles were installed from street grade in an area in 
close proximity to the construction site. 
 
 
Test Pile TP-1 
  
For test pile TP-1 of 32 tons design capacity, an 11-7/8-inch 
diameter, 0.545 wall thickness isolation casing was installed to 
22 ft depth below ground surface (from Elev. 128 to Elev. 106) 
using a Soilmec SM-103-HD drill rig by internal flush method 
with a 10-inch tricone bit. A permanent 9-5/8-inch diameter steel 
casing was placed using duplex drilling with Titan bar (73/53) as 
the inner drill string and polymer slurry Pro EXL as drilling fluid 
to 15 ft below future subgrade (between Elev. 106 and Elev. 91). 
A typical sketch is shown in Fig. 5.  The yield strength of the 
permanent casing and the Titan reinforcing bar was selected as 
121ksi and 85.6 ksi respectively. The inner drill string was then 
advanced to the pile designed tip elevation with continuous 
circulation of the polymer slurry to stabilize the 23-ft bond zone. 
At a depth of 45 ft, hard drilling occurred due to low viscosity of 
the polymer slurry, which averaged approximately 45 sec. The 
polymer slurry was thickened to increase the viscosity, and 
drilling resumed without any difficulties. Once drilling was 
completed, clean polymer slurry was pumped to flush out the 
hole.  
 
The drill hole was then tremie grouted from the bottom of the 
pile through the inner drill string using the hollow Titan bars. 
Grouting continued until clean grout appeared at the top of the 
casing. The design grout strength was 6000 psi. Four batches of 
grout were pumped. Each grout batch consisted of approximately 
620 lbs of cement and 40 gal of water, which resulted in a water 
cement ratio by weight of about 0.52. Measurement of the 
viscosity and density of the injected grout was conducted by the 
contractor. The viscosity of the mixed grout was measured to be 
53 sec based on the viscosity test using a Marsh funnel and a 
density of 115.4 pcf was estimated using the Baroid mud 
balance. Each batch was approximately 8.8 ft3. The overflow of 
grout was allowed to continue until the last batch was completely 
pumped out of the holding tank. A total volume of 35 ft3 was 
batched. Approximately 22 ft3 were injected in the pile after 
deducting all the overflow and grout in lines, which corresponds 
fairly well to the theoretical volume in the pile of 22.2 ft3 
(assuming an 8-inch diameter borehole). The grout volume 
injected was monitored by the contractor using a scale lowered 
inside the holding tank.  No pressure grouting was performed on 
TP-1.  A summary of the test pile installation parameters is 
provided in Table 1. 
 
 
Test Piles TP-3, TP-4, TP-6 and TP-7 
 
A modified installation procedure was proposed by the 
contractor as described below: 
 
• The original bond length for 157-ton design capacity was 
extended from 42.5 ft to 50 ft. 
• Post-grouting was eliminated 
• Immediately after primary grouting, and capping the top of 
the casing, the pile was pressure grouted by applying a 
steady pressure of 100 psi for a period of 5 minutes. 
Following the 5-minute period, pressure was locked off 
using a valve at the top cap until the initial set of the grout 
or 1 hour. 
• Viscosity of the slurry at 90 seconds was to be increased as 
necessary to maintain a stable borehole. 
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Grout Volume  
(ft3) 











TP-1 32 Tremie 
grouted 
39.4 23 73/53 22.0 22.2 N/A 
TP-3 157 Pressure 
Grouted 
40.4 49 105/53 32.4 30.7 1.6 
TP-4 157 Pressure 
Grouted 
39.4 50 105/53 29.6 31.1 3.5 
TP-6 157 Pressure 
Grouted 
39.4 50 105/53 33.2 31.1 2.7 
TP-7 157(1) Pressure 
Grouted 
39.4 42.5 105/53 28.7 28.6 2.7 
Notes: 
1) Test pile TP-7 was originally designated for a design load of 133 tons, but the contractor elected to test this pile for a design load 
of 157 tons. 
2) Lu measured from top of pile. 
3) All grout volumes are corrected for grout loss. A value of 8 gallons (~ 1-ft3) is assumed for the grout lost in the system. 
4) Theoretical grout volumes are based on 8-inch diameter hole and 2.4-ft pile stick up above ground surface. 
5) Test pile TP-2 was abandoned. 
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Fig. 5. Typical test pile configuration. a) TP-1, b) TP-3, TP-4, 
TP-6 and TP-7. 
 
This modified procedure was used to install test pile TP-2 and 
was found unacceptable due to the high value of the viscosity 
that did not allow the suspended sand sufficient time to settle in 
the drilling box or the tank and thus clogged the annular space 
around the Titan bar. Accordingly, test pile TP-2 was abandoned. 
 
The contractor modified the test pile installation procedure as 
follows:  
• The viscosity of the polymer was maintained at 60 sec. 
• A flow meter was provided to measure the volume of the 
injected grout. 
• A varying pressure of 100 psi to 200 psi would be 
maintained on the grouted piles for 5 minutes instead of a 
steady pressure of 100 psi. 
Two test piles were added: TP-6 (157-ton design capacity with 
50-ft bond length) and TP-7 (133-ton design capacity with 42.5-
ft bond length).  
 
PILE LOAD TESTING 
 
Load Testing Procedure 
 
The load tests were conducted in accordance with the contract 
specifications. The specific loading procedure used in the load 
test is detailed below: 
 
• The test load was increased in increments of 25 % of the 
design load. 
 
• Each load increment was maintained for at least 2 hours, 
taking pile displacement readings at 0.5, 1, 2, 4 minutes and 
each 4 minutes thereafter until 2 hours after application of 
each load increment. If the pile settlement rate exceeded 
0.01 inch per hour between the first and second hour of the 
load increment, or the settlement rate was not decreasing 
with time, the load increment was held until the plotted 
settlement curve demonstrated a stable (non-increasing) 
settlement rate of not more than 0.03 inch per log cycle of 
time over a duration of at least 2 additional hours (No load 
increment needed to be extended beyond 2 hours). The jack 
load was adjusted when necessary during each load 
increment to maintain a constant load on the pile. 
 
• The load was increased incrementally to 100 % of the design 
load. At that increment, the load was maintained for 48 
hours. Dial gage readings were taken at 0.5, 1, 2, 4 minutes 
and each four minutes thereafter until two hours, followed 
by readings at time intervals that were sequentially doubled 
starting at eight minutes between the readings to a maximum 
interval between readings of 1 hour. 
 
• After a holding period of 48 hours, the load was increased in 
increments of 25 % of the design load up to 200 % design 
load (150% design load for the two pile group load test) 
using the above criteria for duration of each load increment. 
The maximum test load was maintained for 12 hours, with 
dial gauge readings taken at 0.5, 1, 2, 4 minutes and each 
four minutes thereafter until two hours, followed by 
readings at time intervals that sequentially doubled starting 
at eight minutes between the readings to a maximum interval 
between readings of 1 hour. 
 
• For single pile tests, the test load was removed in four equal 
decrements of 50 % of the design load. For the two-pile 
group, the test load was removed in three equal decrements 
of 50% of the design load. Each decrement was maintained 
for 1 hour, taking readings of pile rebound at 0.5, 1, 2, 4, 8, 
16, 30 and 60 minutes after each decrement. 
 
• After complete removal of the test load, the test pile was 
monitored for 4 hours, minimum, and until the rate of 
rebound was less than 0.01 inch per hour. 
100 psi grout pressure (min.). 
No Grout Pressure. 
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The load tests were performed using a hydraulic jack to apply the 
test load by jacking downward from a pile supported reaction 
beam. The applied load was measured using a calibrated 
electronic load cell placed above the hydraulic jack. Hydraulic 
jack pressure gage readings were also recorded for general 
verification of the more precise load cell measurements. Pile 
displacement was monitored using dial gages and a piano wire 
gage. Four dial gages with 0.001-inch direct reading precision 
were used. A stainless steel scale with a direct reading precision 
of 0.01-inch was attached to a mirror and used with the piano 
wire for general verification of the more precise dial gage 
readings. The dial gages and piano wire were fixed to pile-
supported HP14x73 steel reference beams installed 
independently of the test pile and the loading frame reaction 
piles.  In addition to these instruments, a survey level was used to 
monitor displacement of the test pile and reaction piles.  Scales 
mounted to the test pile and reaction piles for survey level 
monitoring had a direct reading precision of 0.01-feet 
(approximately 1/8-inch).  
 
At test pile TP-7, it was suspected that grout may have flowed 
into the annular space between the inner and outer casings during 
grout placement operations. To assess possible friction or 
bonding between the isolation casing and the permanent casing, 
the contractor was requested to monitor the settlement of the 
isolation casing. During load testing at TP-7, a steel angle was 
laid on the ground surface with a hole burned through it and a 
stainless steel scale graduated to 0.01-inch was lowered to sit on 
top of the isolation casing. This arrangement was used at TP-7 
because it was not possible to obtain survey level readings while 
the load test was in progress. Subsequently, a survey level was 
provided by the contractor to monitor the isolation casing 
displacement for test piles TP-3 and TP-4 for more accurate 
results. Settlement of the isolation casing was not monitored at 
the initial test piles TP-1 and TP-6. 
 
 
Load Test Results  
 
Test Pile TP-1 
 
Figure 6 provides a plot of test pile displacement versus applied 
load for test pile TP-1. As illustrated in Fig. 6, the measured test 
pile displacement for the initial load increment was slightly 
greater than the line representing the theoretical elastic 
shortening of the unbonded length (Lu ) of the pile. This suggests 
as expected, that the applied load was transferred to the ground 
primarily in the upper portion of the bond zone.  At the design 
load, pile displacement was approximately equal to the 
settlement corresponding to the elastic shortening of the 
unbonded length plus one-half the bond length. This suggests 
that essentially the entire bond length was engaged in the load 
transfer to the surrounding ground. The gross settlement of the 
top of the pile at the design load of 32 tons was 0.067 inch, 
which was less than the specified limit of 0.375 inch. At the end 
of the 12 hours holding period at the maximum test load of 64 
tons (200 % design load), the gross settlement of the top of the 
pile reached a value of 0.20 inch. A summary of pile load test 
results is provided in Table 2. 
 
For the last increment, from 56 tons to 64 tons, the rate of pile 
displacement was approximately 0.004 inch/ton of applied load; 
this was within the specified limit of 0.03 inch/ton. Based on the 
load-displacement plot shown on Fig. 6, it was concluded that 
the ultimate capacity of test pile TP-1 was not reached. The net 
displacement measured after rebound was 0.057 inch. The slope 
of the unload portion of the load-displacement plot 
approximately parallels the theoretical elastic displacement line. 
 
Figure 7 provides a plot of test pile displacement versus applied 
load for test piles TP-3, TP-4, TP-6 and TP-7. To simplify the 
plot, all elastic shortening plots are based on computations using 
an unbonded length (Lu) of 39 ft and a bonded length (Lb) of 50 
ft. 
 
Fig. 6. Pile settlement versus load for test pile TP-1. 
 
The measured test pile displacement for the initial load  
increment was slightly greater than the line representing the  
theoretical elastic shortening of the unbonded length of the  
pile, suggesting that the applied load was transferred to the  
ground primarily in the upper portion of the bond zone. At the 
design load of 157 tons, pile displacement was slightly greater 
than the settlement corresponding to the elastic shortening of the 
unbonded length plus one-half of the bond length. This suggests 
that the entire bond length was engaged in the load transfer from 
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Table 2. Summary of Pile Load Test Results 
 















  (tons) (tons) 
 
(ft) (ft) (inches) (inches) 
TP-1 
 




















157(2) 2xDL 39 42.5 0.376(3) 0.479(3) 
 
Notes:  
1) TP-3 and TP-4 tested as a two-pile group. 
2) TP-7 was initially designated as 133-ton design capacity (42.5-ft bond length), but was tested for 157-ton design capacity. 
3) Test results for TP-7 questionable due to possible presence of grout between test pile and isolation casing. 
4) Value exceeds specified maximum limit of 0.375 inch. 
 
 
Fig. 7. Pile settlement versus load for test piles TP-3, TP-4, TP-6 and TP-7. 
 
Test Pile TP-6 
 
The measured test pile displacement for the initial load increment 
was slightly greater than the line representing the theoretical 
elastic shortening of the unbonded length of the pile, suggesting 
that the applied load was transferred to the ground primarily in  
the upper portion of the bond zone. At the design load of 157  
 
 
tons, pile displacement was slightly greater than the settlement  
corresponding to the elastic shortening of the unbonded length 
plus one-half of the bond length. This suggests that the entire 
bond length was engaged in the load transfer from the test pile to  
the surrounding ground. At the design load, the gross settlement 
of the top of the pile was 0.441inch, which exceeds the specified 
limit of 0.375 inch. At the maximum test load of 314 ton (200 % 
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design load), at the end of the 12 hour holding period, the gross 
settlement of the top of the pile was 1.093 inch. 
 
For the last increment, from 275 tons to 314 tons, the rate of pile 
displacement was approximately 0.005 inch/ton of applied load; 
this is within the specified limit of 0.03-inch/ton. Based on the 
load-displacement plot shown on Fig. 7, it was concluded that 
the ultimate capacity of test pile TP-6 was not reached. However, 
at the design load, pile settlement exceeded the specified 
settlement limit of 0.375 inch. 
 
Test Pile TP-7 
Similar to test pile TP-6, the measured test pile displacement for 
TP-7 was slightly greater than the line representing the 
theoretical elastic shortening of the unbonded length (Lu) of the 
pile only for the initial load increment. At the design load of 157 
tons, pile displacement was approximately equal to the 
settlement corresponding to the elastic shortening of the 
unbonded length plus one-half of the bond length. This suggests 
that essentially the entire bond length was engaged in the load 
transfer to the surrounding ground. After holding the design load 
for a period of 48 hours, the gross settlement of the top of the 
pile was 0.376 inch, which is at the specified limit of 0.375 inch. 
However, this value is less than the settlement of test pile TP-6, 
which had a greater bond length (50 ft) than TP-7 (42.5 ft). This 
would suggest an anomaly during either pile installation or 
testing. It is worth noting that during installation of test pile TP-
7, it was suspected that grout may have flowed into the annular 
space between the inner and outer casings during grout 
placement operations. To assess possible friction or bonding 
between the isolation casing and the permanent casing, the 
contractor was requested to monitor the settlement of the 
isolation casing.  Figure 8 presents a plot of isolation casing 
settlement and compares this settlement to that of the test pile for 
loading increments from 125 % to 200 % of the design load. As 
illustrated in this plot, the settlement of the test pile and isolation 
casing are essentially the same, providing further evidence of a 
possible bonding between the pile and the isolation casing. At 
the maximum test load of 314 tons (200 % design load), the 
gross settlement of the top of the pile was 1.052 inch (see Fig. 7). 
 
For the last increment, from 275 tons to 314 tons, the rate of pile 
displacement was approximately 0.007 inch/ton of applied load; 
this was within the specified limit of 0.03 inch/ton, but slightly 
higher than the settlement rate recorded for TP-6. The net 
displacement measured after rebound was 0.479 inch. The slope 
of the unload portion of the load-displacement plot 
approximately parallels the theoretical elastic displacement line. 
 
Since there was evidence indicating that a possible bonding 
occurred between the test pile and the isolation casing, the load 
test results from test pile TP-7 were considered questionable and 
unreliable. Accordingly, this test was not used to assess the 
performance of a pile with a 42.5 ft bond length. 
 
 
Test Piles TP-3 and TP-4 
 
Test piles TP-3 and TP-4 were tested simultaneously as a two-
pile group. A plot of test pile displacement versus applied load is 
shown on Fig. 7.  Figure 9 provides a plot comparing test pile 
and isolation casing settlement versus time for load increments 
from zero load to 150 % design load for both test piles TP-3 and 
TP-4. 
 
As illustrated in Fig. 7, and similar to test pile TP-6, the 
measured displacements at TP-3 and TP-4 were slightly greater 
than the line representing the theoretical elastic shortening of the 
unbonded length of the piles only for the initial load increment. 
At the design load of 157 tons, pile displacements were slightly 
greater than the settlement corresponding to the elastic 




Fig. 8 Test pile and isolation casing settlement   
 (Test pile TP- 7) 
 
This suggests that essentially the entire bond length was engaged 
in the load transfer to the surrounding ground. After holding the 
design load for a period of 48 hours, the gross settlement of the 
tops of piles TP-3 and TP-4 were 0.46 inch and 0.443 inch 
respectively, which exceeds the specified limit of 0.375-inch. At 
the maximum test load of 235.5 tons (150 % design load), the 
gross settlement  of the tops of piles TP-3 and TP-4 were 0.787 
inch and 0.738 inch respectively. These settlement values are 
only slightly greater than the settlement of test pile TP-6 under 
similar load (0.70 inch), which suggests that the group effect for 
a pair of piles is negligible. 
 
For the last increment, from 196.2 tons to 235.5 tons, the rate of 
pile displacement was approximately 0.005 inch/ton of applied 
load at TP-3 and 0.0042 inch/ton at TP-4. These values are well 
within the specified limit of 0.03 inch/ton.  The net displacement 
measured after rebound was 0.305 inch. These values are less 
than the value recorded for TP-6 (0.403 inch), as might be 
anticipated since the maximum test load on TP-3 was about 79 
tons less that at TP-6. The slope of the unload portion of the 
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load-displacement plot for both piles, approximately parallel the 
theoretical elastic displacement line. 
 
Based on the load-displacement plot shown on Fig. 7, it was 
concluded that the ultimate capacity of test piles TP-3 and TP-4 
was not reached. However, at the design load, the pile settlement 
exceeded the specified limit of 0.375 inch. 
 
As illustrated in Fig. 9, settlement of test pile TP-3 was 
significantly greater that that of the isolation casing, indicating 
that there was little or no load transfer to the isolation casing. 
However, the settlement of the isolation casing at TP-4 closely 
mirrored the settlement of the test pile, suggesting that there may 
have been bonding between the test pile TP-4 and the isolation 
casing. However, in comparing the load displacement plots for 
TP-3 and TP-4 in Fig. 7, the bonding between TP-4 and its 





Fig.9. Isolation casing and pile settlement versus time. 
 (Test piles TP-3 and TP-4)  
 
Major Conclusions from the Test Pile Program. 
 
The major conclusions and recommendations based on the 
evaluation of the results of the load tests are summarized 
below. 
• Test pile TP-1, installed without pressure grouting and 
provided with a 23-ft bond length met the specified pile 
acceptance criteria and successfully demonstrated a design 
capacity of 32 tons. It was therefore recommended that the 
proposed 32-ton track support piles be installed using the 
same procedures, equipment and 23-ft bond length used for 
test pile TP-1. 
• The load test results from test pile TP-7 (157-ton design 
capacity and 42.5-ft bond length) were considered 
questionable and unreliable. Therefore, the available test 
data did not adequately demonstrate that a 42.5-ft bond 
length will provide a design capacity of 157 tons.  
• Test pile TP-6, installed with pressure grouting and a 50-ft 
bond length, had an ultimate capacity that met specification 
criteria. However, the gross settlement of the top of the pile 
at the 157-ton design load exceeded the specified limit of 
0.375 inch. The installation procedures used at test pile TP-6 
were considered acceptable for a design capacity of 157 
tons, provided that the production piles are preloaded by 
jacking to reduce settlement of the underpinned structure. It 
was therefore recommended that the proposed underpinning 
piles (other than the track support piles) be installed using 
the same procedures, equipment and 50-ft bond length used  
for test pile TP-6. 
 
• Test piles TP-3 and TP-4, installed with pressure grouting 
and with bond lengths of 49 and 50 ft, respectively, were 
loaded simultaneously as a two-pile group. For both test 
piles, measured top of pile displacements up to the 
maximum test load of 235.5 tons were similar to those 
obtained at test pile TP-6. Accordingly, it was concluded 
that there was little or no group effect for piles spaced as 
close as 3 ft, and installed with a pressure grouted bond 
length of 50 ft. 
 
 
PRODUCTION MICROPILE INSTALLATION 
 
As installation of the piles from the street level was prohibited by 
New York City Department of Traffic, it was therefore necessary 
to work from within the station proper.  A total of 189 piles were 
installed inside the station including 62 soldier piles (average 
length 55 ft), 40 tracks piles (tremie grouted – average length 55 
ft), and 71 roof piles with lengths ranging from 75 ft to 80 ft. The 
piles were installed with low head equipment, drilled to a depth 
below the future concourse excavation of some 65 ft. The 
production piles were installed in similar way duplicating the test 
pile installation, except where problems were encountered such 
as: 
• Loss of drill bit inside the hole. 
• Loss of circulation fluid. The hole was filled with grout for 
caking and left for 24 hours for re-drill. 
• Due to unidentified obstructions, holes could not be 
advanced, therefore, drilling was stopped and rig shifted to 
new location. 
 
In general, grout takes were similar to theoretical values. 
However, in a few cases, the specified 100 psi pressure could not 
be obtained. The micropile was left for ½ hour and pressure re-
applied. In general, the primary grout volumes ranged from 153 
to 175 gallons for track piles and between 161 and 231 gallons 
for roof piles. The secondary grout volumes at 100 psi or greater 
pressure for 5 minutes ranged between 0 to 44 gallons. The grout 
volumes were determined both manually and with a flow meter. 
Grout samples cubes were collected from each micropile grout 
batch.  
 
One major installation procedure modification initiated by the 
contractor was the use of a down-the-hole hammer to install the 
casing at some piles. The specifications had precluded the use of 
air hammers except to advance through obstructions, as it was 
well known that the use of air hammers could result in post 
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construction settlement.  However, in order to speed up the 
production micropile installation, limited use of the air hammer 
was permitted. To minimize the risk of creating voids by the use 
of the air hammer, grouting was required in the area where piles 
were to be installed. Two inch diameter holes were drilled at 5 ft 
spacing pattern along tracks and filled with cement grout. It 
should be noted that in few cases during micropile installation 
and pressure grouting, grout was observed flowing from the 
stairway walls. This was an indication of open seams below the 
platform level that could have been exacerbated due to the use of 
the air hammer during casing installation.  
 
To reduce the settlement of the underpinned structure, the 
temporary roof girders over Tracks 1 and 2 were preloaded by 
jacking. In addition, monitoring was conducted throughout the 
underpinning work for horizontal and vertical movements. No 
major movements were recorded. Figure 10 illustrates an 
example of a completed underpinning work in the IRT station at 



















Fig.10. Example of completed underpinning work in the IRT  





The Atlantic Avenue underpinning project illustrates the 
viability, efficiency and cost effectiveness of micropiles for 
challenging underpinning projects. This case study reflects 
current realities and challenges of underground excavation 
support, and construction under operating subway tracks and 
platforms for a major transportation hub. 
 
Within the medium dense to dense sands at the Atlantic Avenue 
Station site, the load test program demonstrated design pile 
capacities of 32 tons for micropiles installed without pressure 
grouting and with a bond length of 23 ft, and 157 tons for 
micropiles installed with grout pressures of 100 psi or more and 
bond length of 50 ft. 
 
The production piles were installed using the same general 
procedures used for the test piles allowing the subway station 
structure and tracks to be successfully underpinned. The 
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